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© Aromatic polyester, aromatic polyester amide, filaments thereof and compositions thereof each 
containing an inorganic filler or magnetic powder. 



© Provided herein are an aromatic polyester having superior physical properties which is composed of the 
following units 
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an aromatic polyester amide formed by introducing a prescribed amount of amide linkage into said aromatic 
polyester; filament thereof; and a composition formed by adding an inorganic filler or magnetic powder to 
said polymers. 
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AROMATIC POLYESTER, AROMATIC POLYESTER AMIDE, FILAMENTS THEREOF AND COMPOSITIONS 
THEREOF EACH CONTAINING AN INORGANIC FILLER OR MAGNETIC POWDER 



BACKGROUND OF THE INVENTION 



5 Field of the Invention 

The present invention relates to a new aromatic polyester and aromatic polyester amide which has 
outstanding heat resistance, chemical resistance, dimensional stability, flame retardance. and mechanical 
strength, and is capable of injection molding, extrusion molding, blow molding, and spinning at a 
10 temperature lower than 340 C. 

The present invention also relates to filaments of said aromatic polyester and aromatic polyester amide, 
said filaments having outstanding heat resistance, chemical resistance, dimensional stability, flame retar- 
dance, and mechanical strength. 

The present invention further relates to compositions of said aromatic polyester and aromatic polyester 
75 amide, each containing an inorganic filler or magnetic powder, said compositions having outstanding heat 
resistance, chemical resistance, dimensional stability, flame retardance. and mechanical strength. 

Description of the Prior Art 

20 

It is known that it is possible to produce a polyester which exhibits the melt anisotropy. A polymer of 
this kind is generally called thermotropic liquid crystalline polymer. It is also known that this liquid 
crystalline polymer provides, when spun or molded in its molten state, fibers or molded articles having high 
strength, high modulus, and high heat resistance. Of the liquid crystalline polymers, aromatic polyester are 
25 generally known, and homopolymers and copolymers of p-hydroxy benzoic acid are commercially available. 

A disadvantage of these aromatic polyesters is that they have such a high melting point that they are 
incapable of spinning and melt molding and they have such a high melt viscosity that they need high 
temperatures for spinning and molding. 

To overcome this disadvantage, investigations are being made to lower the melting point by 
30 copolymerizing p-hydroxy benzoic acid with another component. A copolymer component used for this 
purpose is one which has a flexible aliphatic chain or a flexing structure. 

An example of the liquid crystalline polyester copolymerized with an aliphatic chain is disclosed in 
Japanese Patent Laid-open No. 84821/1983. This polyester is composed of p-hydroxybenzoic acid, 
polyethylene terephthalate, aromatic diol. and aromatic dicarboxyllc acid. It has a melting point as low as 
35 280-300* C and is superior in spinnability and moldability. It provides filaments having a high strength of 7- 
1 1 g/d after heat treatment. 

The filaments of the polyester have a disadvantage that they have a tensile modulus as low as 400 g/d 
(« 50.6 GPa) and are liable to form gel resulting from the thermal decomposition of aliphatic chains that 
takes place in the stage of spinning or synthesis, because the polymer contains aliphatic chains in the 
40 molecule. This gel causes filament breakage in the stage of spinning and poor appearance and lower 
strength of filaments obtained. 

Another disadvantage of the aliphatic-containing liquid crystalline polymer is that it is by far lower in 
wet-heat stability than wholly aromatic liquid crystalline polyesters and that the molded article and fiber 
thereof greatly decrease in strength when placed in a hot. humid atmosphere. 
45 On the other hand, an example of the polyester copolymerized with a flexible component is a wholly 
aromatic polyester containing 2.6-naphthalene diol, which is disclosed in Japanese Patent Laid-open No. 
50594/1979 and U.S. Patent No. 4,188,476. It is composed of p-hydroxybenzoic acid, terephthalic acid, and 
2.6-naphthalene diol (according to said Japanese Patent), or it is composed of p-hydroxybenzoic acid, 
terephthalic acid. 2.6-naphthalene diol. and /n-hydroxy benzoic acid (according to said U.S. Patent). It has a 
50 comparatively low melting point of 320-350* C owing to the flexible structure of 2.6-naphthalene diol. In 
addition, it has good moldability and provides filaments having a high strength of 15 g/d after heat 
treatment. Being a wholly aromatic polyester, it is not liable to form gel resulting from thermal decomposi- 
tion and it is free of problems associated with filament breakage, poor appearance and strength decrease. 
However, this polyester still has a disadvantage that it only provides filaments having a low tensile 
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(. modulus of 500-600 g/d {« 63.3-76.0 GPa) even after heat treatment. Therefore, it is not suitable for use in 

the area, such as fiber reinforced plastics, where high moduli are necessary. 

Another example of the liquid crystalline polyester containing 6-hydroxy-2-naphthoic acid. as the flexible 
component is disclosed in Japanese Patent Laid-open No. 62630/1984. It is composed of p-hydroxybenzoic 
5 acid. 6-hydroxy-2-naphthoic acid, 4.4'-dihydroxybiphenyl, and terephthalic acid. It provides filaments having 
a high tensile strength (about 23 g/d) and a high tensile modulus (about 1000 g/d = 126.6 GPa), Being a 
wholly aromatic polyester, it is free of the gelation problem. 

The above-mentioned wholly aromatic liquid crystalline polyesters involve several problems to be 
solved. That is, they need a molding temperature as high as 345-370* C. which causes the thermal 
70 decomposition ot resin in the spinning apparatus and molding machine, therefore a special molding or 
spinning apparatus which have the ability oi molding or spinning continuouslly at high temperature is 
needed. 

An example of the liquid crystalline polyester containing 2.6-naphthalene dicarboxylic acid is disclosed 
in Japanese Patent Laid-open No. 284221/1988 (U.S. Patent No. 4.851.497). The liquid crystalline polyester 
15 has a disadvantage that it provides filament having a low modulus of 72 GPa even after heat treatment. 
Therefore, it can hot provide improved high regid filament 

For reasons mentioned above, there has been a demand for a new liquid crystalline polyester having a 
* high tensile modulus, high tensile strength, good moldability. good spinnability." and' good wet-heat stability. 
In the meantime, liquid crystalline polyester amide has been developed by introducing an amide linkage 
20 into a liquid crystalline polyester in order to improve the properties of liquid crystalline polyester, such as 
adhesion properties, fatigue resistance, and anisotropy (difference in physical properties observed in the 
direction of resin flow [MD] and the direction perpendicular to the direction of resin flow [TD]), Examples of 
liquid crystalline polyester amide are disclosed in Japanese Patent Laid-open Nos. 137321/1982, 
145123/1982, 172921/1982. 177019/1982. 177020/1982, 177021/1982, 29820/1983. 1722/1983, 89618/1983. 
25 5103/1986, 236819/1986. 236826/1986. and 236827/1986. 

These liquid crystalline polyester amides do not have the problems associated with anistropy which are 
common in the above-mentioned aromatic polyesters. Nevertheless, they still have disadvantages resulting 
from the introduction of amide groups. That Is, they are poor in heat resistance and thermal stability (in 
other words, they decrease in mechanical strength when exposed to an environment at a high temperature 
30 for a long time). They are poor in weather resistance (in other words, they decrease in physical properties 
upon exposure to ultraviolet rays). They have a high melt viscosity (which leads to poor flowability and 
hence poor moldability). These drawbacks are more significant as the content of the amide component 
increases. In fact, the above-mentioned characteristic properties are considerably deteriorated when the 
content of amide linkage is high enough to relax the anisotropism sufficiently. Therefore, liquid crystalline 
35 polyester amide is of less practical use than liquid crystalline polyester. 

It is known that liquid crystalline polyester and/or liquid crystalline polyester amide is incorporated with 
an inorganic filler for the improvement of heat resistance, scratch resistance, stiffness, and anisotropy, as 
disclosed in Japanese Patent Laid-open No. 38464/1989. 

The incorporation of an inorganic filler improves the above-mentioned characteristic properties (i.e., heat 
40 resistance, scratch resistance, stiffness, and anisotropism). On the other hand, it poses problems associated 
with the decrease of impact strength and the deterioration of moldability (or flowability). The latter is 
particularly serious for the conventional wholly aromatic liquid crystalline polyester and/or wholly aromatic 
liquid crystalline polyester amide which needs a higher molding temperature than other resins. For this 
reason, there has been a demand for a wholly aromatic liquid crystalline polyester and/or wholly aromatic 
45 liquid crystalline polyester amide which contains an inorganic filler and yet exhibits good moldability. 

In the meantime, a resin composition containing a magnetic powder is in general use, although inferior 
in magnetic properties to sintered magnets, owing to its advantage that it provides desired products, light in 
weight and complex in shape, by simple multi-cavity injection molding. 

This resin composition is made with a binder resin such as epoxy resin and polyamide resin (e.g., nylon 
50 6 and nylon 66). The binder resin determines the mechanical strength and heat resistance of the resin 
composition containing a magnetic powder. II the binder resin is epoxy resin or nylon, the heat distortion 
temperature of the resin composition will be 100-120* C or 140-160* C. respectively. 

The resin composition containing a magnetic powder should have high heat resistance so that it finds 
more uses. However, high heat resistance has so far been achieved at expense of moldability. and poor 
55 moldability offsets the advantage of being capable of complex molding and multi-cavity molding. 

SUMMARY OF THE INVENTION 
4 
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The present invention was completed to eliminate the above-mentioned disadvantages. 
Accordingly, it is the first object of the present invention to provide an aromatic polyester which exhibits 
5 outstanding heat resistance, tensile modulus, tensile strength, spinnability, and moldability, and retains high 
strength and wet-heat stability even after molding. 

It is the second object of the present invention to provide an aromatic polyester amide which exhibits 
outstanding anisotropy and mechanical properties (such as Impact strength and flexural strength) without 
sacrificing the characteristic properties of the aforesaid aromatic polyester. 
70 It is the third object of the present invention to provide filaments comprising the above described 
aromatic polyester and/or aromatic polyester amide, which exhibits outstanding heat resistance, mechanical 
strength and spinnability. 

It is the fourth object of the present invention to provide an aromatic polyester and aromatic polyester 
amide each containing an inorganic filler which exhibits outstanding heat resistance, mechanical strength, 
75 and moldability owing to the inorganic filler. 

It is the fifth object of the present invention to provide an aromatic polyester and aromatic polyester 
amide each containing a magnetic powder which exhibits outstanding magnetic properties, heat resistance, 
mechanical strength, and moldability. 

The present invention provides, as its first embodiment, an aromatic polyester (aromatic liquid 
20 crystalline polyester) composed of the following units 



( I ) 



( n ) 



( m ) 
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( V ) _C_Ar«C__ 

o o 



45 (where Ar denotes a p-phenylene group and/or 2,6-naphthalene group.) 

characterized by that units (I) to (V) each has the aromatic ring or rings hydrogen atoms on which may be 
partly substituted by one or more members selected from CtCa alkyi groups, Ci-C* alkoxy groups, Ce-Cio 
aryl groups, and halogen atoms; in the total number of moles of units (I) to (V). the amount of unit (I) 
accounts for 40-70 mol%, the amount of units (II) and (111) accounts for 15-30 mol%. the amount of units (IV) 

50 and (V) accounts for 15-30 mol%, the amount of unit (IV) accounts for 5-25 mol%, and the amount of 2,6- 
naphthalene group in unit (V) accounts for up to 5 mol%; the molar ratio of [unit (II) + unit (III)] to [unit (IV) 
+ unit (V)] is 1:0.9 to 1:1.1; the molar ratio of unit (III) to [unit (II) + unit (III)] is from 0.15 to 0.85; and the 
molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 to 0.90. 

The present invention provides, as its second embodiment, an aromatic polyester amide (aromatic 

55 liquid crystalline polyester amide) composed of the following units 
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25 

(where Ar denotes a p-phenylene group and/or 2,6-naphthalene group; R denotes a p-phenylene group 
and/or m-phenylene group; and Z denotes -NH-. -0-, and/or - C -.) 

O 

characterized by that units (I) to (VI) each has the aromatic ring or rings hydrogen atoms on which may be 
partly substituted by one or more members selected from Ci-C* alkyi groups, Ci-C^ alkoxy groups, Ce-Cio 
aryl groups, and halogen atoms; in the total number of moles of units (I) to (VI), the amount of unit (I) 
accounts for 40-70 mol%. the amount of units (11) and (111) accounts for 15-30 mol%, the amount of units (IV) 
and (V) accounts for 15-30 mol%, the amount of unit (IV) accounts for 5-25 mo!%, and the amount of 2,6- 
naphthalene group in unit (V) accounts for up to 5 mol% and the amount of unit (VI) accounts for 0.1-10 
mol%; 

when Z Is -NH- and/or -O. the molar ratio of [unit (II) + unit (III)+ unit (VI)] to [unit (IV)J unit (V)] is 1:0.9 

to 1:1.1; the molar ratio of unit (HI) to [unit (II) + unit (111) + unit (VI)] is from 0.15 to 0.85; and the molar 

ratio of unit (V) to [unit (IV) + unit (V)] is from 0,10 to 0.90; and 

when Z is - C 
II 

40 O 

the molar ratio of [unit (M) + unit (111)) to [unit (IV) + unit (V)] is 1:0.9 to 1:1.1; the molar ratio of unit (III) to 
[unit (II) + unit (111)] is from 0.15 to 0.85; and the molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 
to 0.90. 

The present invention provides, as its third embodiment, an aromatic polyester filament comprising the 
aromatic polyester of the first embodiment of the present invention. 

The present invention also provides, as its fourth embodiment, an aromatic polyester amide filament 
comprising the aromatic polyester amide of the second embodiment of the present invention. 

The present invention provides, as its fifth embodiment, an inorganic filler-containing aromatic polyester 
composition (inorganic filler-containing aromatic liquid crystalline polyester composition), with the amount of 
inorganic filter being 1-400 parts by weight for 100 parts by weight of the aromatic polyester of the first 
embodiment of the present invention. 

The present invention provides, as its sixth embodiment, an inorganic filler-containing aromatic polyes- 
ter amide composition (inorganic filler-containing aromatic liquid crystalline polyester amide composition), 
with the amount of inorganic filler being 1-400 parts by weight for 100 parts by weight of the aromatic 
polyester amide of the second embodiment of the present invention. 

The present invention provides, as its seventh embodiment, a magnetic powder-containing aromatic 
polyester composition (magnetic powder-containing aromatic liquid crystalline polyester composition), with 
the amount of magnetic powder being 100-1900 parts by weight for 100 parts by weight of the aromatic 
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polyester of the first embodiment of the present invention. 

The present invention provides, as its eighth embodiment, a magnetic powder-containing aromatic 
polyester amide composition (magnetic powder-containing aromatic liquid crystalline polyester amide 
composition), with the amount of magnetic powder being 100-1900 parts by weight for 100 parts by weight 
5 of the aromatic polyester amide of the second embodiment of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

Fig. 1 is a graph showing the dependence of the melting point (moldability) and Vicat softening point 
(heat resistance) on the amount of unit (I) in the first embodiment of the present invention. 

Fig. 2 is a graph showing the dependence of the tensile modulus and tensile strength on the amount 
of unit (1) in the first embodiment of the present invention. 
T5 Figs. 3 arid 5 are graphs showing the dependence of the melting point and Vicat softening point on 

the amount of units (II) and (III) in the first embodiment of the present invention. 

Figs. 4 and 6 are graphs showing, the dependence of the tensile modulus and tensile strength on the 
amount of units (II) and (III) in the first embodiment of the present invention. 

Fig. 7 is a graph showing the dependence of the melting point and Vicat softening point on the 
20 amount of units (IV) and (V) in the first embodiment of the present invention. 

Fig, 8 is a graph showing the dependence of the tensile modulus and tensile strength on the amount 
of units (IV) and (V) in the first embodiment of the present invention. 

Fig. 9 is a graph showing the dependence of the Izod impact strength on the amount of unit (VI), in 
the second embodiment of the present invention. 
25 Fig. 10 is a graph showing the dependence of the flexural strength on the amount of unit (VI) in the 

second embodiment of the present invention. 

Fig. 11 is a graph showing the dependence of the melting point and Vicat softening point on the 
amount of unit (VI) in the second embodiment of the present invention. 

Fig. 12 is a graph showing the dependence of the anisotropy (ratio of the flexural strength in the MD 
30 direction to the flexural strength in the TD direction) on the amount of unit (VI) in the second embodiment of 
the present invention. 

DETAILED DESCRiPITON OF THE INVENTION 

35 

In the following, mention will be made of the aromatic polyester, which is the first embodiment of the 
present invention. 

According to the first embodiment of the present invention, the unit (I) is represented by the formula 
below. 

40 




O 



The amount of unit (1) should be 40-70 mo!%, preferably 50-65 mol%, of the total amount of units (I) to 
(V). If the amount of unit (I) is less than 40 mol%. the resulting polyester is poor in heat resistance and 
provides fibers and molded articles having low strength. If the amount of unit (I) is more than 70 mol%, the 
resulting polyester has such a high melting point that it is difficult to synthesize and it is poor in spinnability 
and moldability. The reason why the amount of unit (I) is limited in the above-mentioned range is shown in 
Figs. 1 and 2 and Comparative Example 9. 

To draw the graphs in Figs. 1 and 2. copolymer polyesters composed of the following units were 
prepared, with the value of x varied, 

55 
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and the. resulting polyesters were tested for melting point and Vicat softening point, and were also spun into 
30 filaments which were tested for tensile strength and tensile modulus after heat treatment. The measured 
data were plotted in Figs. 1 and 2. 

Units (II) and (III) are represented by the following formulas respectively. 



35 



40 



45 



50 



The total amount of units (H) and (111) should be 15-30 mol%, preferably 17-25 mol%, of the total 
annount of units (I) to (V). With a total amount less than 15 mol%. the resulting polyester has a high melting 
point and is poor In spinnability and moldability. With a total amount more than 30 mol%. the resulting 
polyester is poor in heat resistance and provides fibers and molded articles having low mechanical strength. 

The amounts of units (II) and (Ml) should be such that the molar ratio of unit (II) to [unit (II) + unit (III)] is 
in the range of from 0.15 to 0.85. preferably from 0.25 to 0.75. If the amounts of units (II) and (111) are 
outside the specified range, the resulting polyester has a high melting point and is poor in spinnability and 
moldability and provides filaments and molded articles having low mechanical strength. The reason why the 
amounts of units (II) and (III) are limited in the above-mentioned range is shown in Figs. 3 to 6. 

To draw the graphs in Figs. 3 and 4, copolymer polyesters composed of the following units were 
prepared, with the values of X and Y varied, 
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and to draw the graphs in Figs. 5 and 6, copolymer polyesters composed of the following units were 
prepared, with the values of X and Y varied, 



30 



35 
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( ni ) _o. 
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and the resulting polyesters were tested for melting point and Vicat softening point, and were also spun into 
filaments which were tested for tensile strength and tensile modulus after heat treatment. The measured 
data were plotted in Figs. 3 to 6. Incidentally, it should be noted that unit (V) in Figs. 3 and 4 is different 
55 from unit (V) in Figs. 5 and 6. 

Units (IV) and (V) are represented by the formulas below. 
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(where Ar denotes a p-phenylene group and/or 2,6-naphthalene group.) 

The total amount of units (IV) and (V) should be 15-30 mol%, preferably 17-25 mol%, of the total 
amount of units (I) to (V). With a total amount less than 15 mol%, the resulting polyester has a high melting 
jQ point and Is poor in spinnability and moldability. With a total amount more than 30 mol%, the resulting 
polyester is poor in heat resistance and provides filaments and molded articles having low mechanical 
strength. 

The amount of unit (IV) should be 5-25 mol%. preferably 10-20 mol%. of the total amount of units (I) to 
(V). With the amount of unit (IV] less than 5 mol%. the resulting polyester has a high melting point and is 

,5 poor In spinnability, moldability and tensile modulous. With the amount of unit (IV) more than 25 moI%, the 
resulting polyester is poor in heat resistance. 

The amount of 2,6-naphthalene group contained in unit (V) should be up to 5 mol%. When the amount 
of 2.6-naphthalene group in unit (V) is more than 5 mol%. the filament comprising the above mentioned 
aromatic polyester reveals remarkably low tensile strength and low tensile modulus. 

2Q The amounts of units (IV) and (V) should be such that the molar ratio of unit (V) to [unit (IV) + unit (V)] 

is from 0.10 to 0.90. preferably from 0.3 to 0.85. If the amounts of units (IV) and (V) are outside the 
specified range, the resulting polyester has a high melting point and is poor in spinnability and moldability 
and provides filaments having low tensile strength and tensile modulus. The reason why the amounts of 
units. (IV) and (V) are limited In the above-mentioned range Is shown in Figs. 7 and 8. 

25 To draw the graphs in Figs. 7 and 8, copolymer polyesters composed of the following units were 
prepared, with the values of X and Y varied, 
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and the resulting polyesters were tested for melting point and Vicat softening point, and were also spun into 
filaments which were tested for tensile strength and tensile modulus after heat treatment. The measured 
data were plotted in Figs. 7 and 8. 

The amounts of units (II) to (V) should be such that the molar ratio of [unit (11) + unit (111)] to [unit (IV) + 
unit (V)] is 1:0.9 to 1:1.1, preferably 1:1. With amounts outside the specified range, the resulting polyester is 
extremely poor in mechanical strength and heat resistance. 

Units (I) to (V) each has the aromatic ring or rings hydrogen atoms on which may be partly substituted 

10 



BNSDOCID: <EP 0376323A2_I_> 



EP 0 376 323 A2 



70 



by one or more members selected from Ci-C* alkyi groups, C1-C4 alkoxy groups, Cg-Cio aryl groups, and 
halogen atoms. 

. Each oi the polymers shown in Figs. 1 to 8 is composed of unit (I) which is p-acetoxybenzoic acid, unit 
(II) which is 2,6-diacetoxynaphthaiene. unit (III) which is 4,4'-diacetoxybiphenyl, unit (IV) which is isophthalic 
acid, and unit (V) which is terephthalic acid or 2,6-naphthalenedicarboxylic acid. 

In the following, mention will be made of the aromatic polyester amide, which is the second 
embodiment of the present invention. 

According to the second embodiment of the present invention, the unit (I) is represented by the formula 
below. 



75 



20 



25 



The amount of unit (I) should be 40-70 mol%, preferably 50-65 mol%. of the total amount of units (I) to 
(VI). If the amount of unit (I) is less than 40 moI%. the resulting polyester amide is poor in heat resistance 
and provides fibers and molded articles having low mechanical strength. If the amount of unit (I) is more 
than 70 mol%, the resulting polyester amide has such a high melting point that it is difficult to synthesize 
and it is poor in spinnability and moldability. 

Units (II) and (III) are represented by the following formulas respectively. 



_0 



00-.- 



_0 




The total amount of units (II) and (III) should be 15-30 mol%, preferably 17-25 mol%. of the total 
amount of units (i) to (VI). With a total amount less than 15 mol%, the resulting polyester amide has a high 
melting point and is poor in spinnability and moldability. With a total amount more than 30 mol%, the 
35 resulting polyester amide is poor in heat resistance and provides fibers and molded articles having low 
mechanical strength. 

When unit (VI) is -NH-R-CO- (where R denotes a p-phenylene group and/or 2,6-naphthalene group), the 
amounts of units (II) and (111) should be such that the molar ratio of unit (111) to [unit (11) + unit (111)] is in the 
range of from 0.15 to 0.85. preferably from 0.25 to 0.75. 

40 When unit (VI) is -NH-R-NH- and/or -NH-R-0- (where R denotes a p-phenylene group and/or 2.6- 
naphthalene group), the amounts of units (II) and (III) should be such that the molar ratio of unit (III) to [unit 
(II) + unit (III) + unit (VI)] is in the range of from 0.15 to 0.85, preferably from 0.25 to 0.75. If the amounts 
of units (II) and (III) (or, and further unit (VI)) are outside the specified range, the resulting polyester amide 
has a high melting point and is poor in spinnability and moldability and provides filaments and molded 

45 articles having low mechanical strength. 

Units (IV) and (V) are represented by the formulas below. 

-C_/X_C- -C-Ar-C- 

o x/ o 00 

(where Ar denotes a p-phenylene group and/or 2,6-naphthalene group.) 

The total amount of units (IV) and (V) should be 15-30 moi%, preferably 17-25 mol%. of the total 
amount of units (I) to (VI). With a total amount less than 15 mol%, the resulting polyester amide has a high 
melting point and Is poor in spinnability and moldability. With a total amount more than 30 mof%, the 
resulting polyester amide is poor in heat resistance and provides filaments and molded articles having low 
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mechanical strength. 

The amount of unit (IV) should be 5-25 mol%. preferably 10-20 mol%, of the total amount of units (I) to 
(VI). With the amount of unit (IV) less than 5 moI%. the resulting polyester amide has a high melting point 
and is poor in spinnability, moldability and tensile modulous. With the amount of unit (IV) more than 25 
5 moI%, the resulting polyester is poor in heat resistance. 

The amount of 2.6-naphthalene group contained in unit (V) should be up to 5 mol%. When the amount 
of 2,6-naphthalene group in unit (V) is more than 5 mol%. the filament comprising the above mentioned 
aromatic polyester reveals remarkably low tensile strength and low tensile modulus. 

The amounts of units (IV) and (V) should be such that the molar ratio of unit (V) to (unit (IV) + unit (V)] 
70 is from 0.10 to 0.90. preferably from 0.3 to 0.85. If the amounts of units (IV) and (V) are outside the 
specified range, the resulting polyester amide has a high melting point and is poor in spinnability and 
moldability and provides filaments having low mechanical strength. 

Unit (VI) is represented by the formula -NH-R-Z- (where R denotes a p-phenylene group and/or m- 
phenylene group; and 2 denotes one or more groups selected from -NH-. -0-, and/or - c 

75 O 

The amount of unit (VI) should be 0,1 to 10 mol% of the total amount of units (I) to (VI). With an amount 
less than 0.1 mol%, the resulting polyester amide is not sufficiently improved in anisotropy. With an amount 
more than 10 mol%. the resulting polyester amide has a high melt viscosity and is poor in moldability. heat 
20 resistance, and mechanical strength. 

Copolymer polyester amides composed of the following units were prepared, with the value of X varied, 
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and the resulting polyester amides were made into molded articles by injection molding. The molded 
articles were tested for Izod impact strength, flexural strength, melting point and Vicat softening point, and 
anisotropy (in terms of the ratio of flexural strength in the MD direction to that in the TD direction). The 
results are shown in Figs. 9 to 12. respectively. The results are also shown in Table 4 (whose detailed 
description will be given later in reference to Examples), 

Each of the polymers shown in Figs. 9 to 12 is composed of unit (I) which is p-acetoxybenzoic acid, 
unit (II) which is 2.6-diacetoxynaphthalene, unit (III) which is 4.4'-diacetoxybiphenyl. unit (IV) which is 
Isophthalic acid, unit (V) which is terephthalic acid, and unit (VI) which is p-acetamidebenzoic acid and/or p- 
acetamidephenol. 

When unit (VI) is -NH-R-NH- and/or -NH-R-O- (where R denotes a />phenylene group and/or 2.6- 
naphthalene group), the amounts of units (II), (III), and (VI) should be such that the molar ratio of [unit (II) + 
unit (III) + unit (VI)] to [unit (IV)] unit (V)] is 1:0.9 to 1:1.1. preferably 1:1. 

When unit (VI) is -NH-R-CO- (where R denotes a p-phenylene group and/or 2,6-naphthalene group), the 
amounts of units (II), (III), (IV), and (V) should be such that the molar ratio of [unit (II) + unit (III)] to [unit (IV) 
+ unit (V)] is 1:0.9 to 1:1.1, preferably 1:1. With amounts outside this range, the resulting polymer is poor in 
mechanical strength and heat resistance. 

The aromatic polyester and aromatic polyester amide of the present invention are not . specifically 
limited in the method of production. They may be synthesized by the reaction commonly employed for 
ester formation, such as melt polymerization, heated solution polymerization, heated suspension poly- 
merization, low-temperature solution polymerization, and interfacial polymerization. The melt polymerization 
by ester interchange is desirable. To be specific, polymerization is carried out by heating p-acetoxy benzoic 
acid. 2,6-naphthalenediacetate, 4,4'-dtacetoxybiphenyl. isophthalic acid, terephthalic acid or 2,6-naph- 
thalenedicarboxylic acid, and p-acetamidebenzoic acid corresponding to the units (I) to (V) or the units (I) to 
(VI), while removing acetic acid which is formed as a by-product. 

A catalyst may be used for the polymerization, if necessary. The catalyst may be previously added to 
the starting materials: alternatively it may ..be added to the reaction system when the reaction starts. 
Examples of the catalyst include germanium oxide, stannous oxalate, stannous acetate, dialkyi tin oxide, 
diaryl tin oxide, titanium dioxide, titanium aikoxide. antimony trioxide, antimony acetate, sodium acetate, 
potassium acetate, calcium acetate, rubidium acetate, ferrous acetate, aluminum chloride, amines, amides, 
and p-toluenesulfonic acid. Preferable among them are sodium acetate and rubidium acetate. ^ 

The polymerization temperature is not specifically limited; but usually it is from ISO'C to 400* C, 
preferably from 200 'C to 370 *C. Polymerization at temperatures lower than 180'C is slow, and poly- 
merization at temperatures higher than 400* C causes discoloration and thermal decomposition. 
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; The polymerization is not specifically limited in pressure; however, the polymerization should preferably 

be carried out such that the pressure in the initial stage is close to the atmospheric pressure and then it is 
reduced as the polymerization proceeds. 

The reaction should preferably be carried out with stirring to prevent the coloration and decomposition , 
5 of resin by local overheating and to facilitate the removal of acetic acid formed as a by-product. Also, the 
reaction should preferably be carried out under an atmosphere of inert gas such as nitrogen and argon to 
prevent the oxidative decomposition of resin by oxygen. 

The aromatic polyester and aromatic polyester amide of the present invention may be incorporated with 
a* proper amount of stabilizer, coloration inhibitor, metal deactivator, and/or UV light absorber, according to 
10 need. Preferred examples of the stabilizer and coloratior^ inhibitor include triaryl phosphite ester, trialkyl 
phosphite ester, triaryl phosphate ester, trialkyl phosphate ester, and hindered phenol. Preferred examples 
of the UV light absorber include benzotriazoles. 

The aromatic polyester and/or aromatic polyester amide of the present invention may be easily 
processed into filaments or molded articles by any melt molding method. For example, it may be 
75 processed into filaments by melt spinning at 280-400* C. preferably 300-340 'C. It may be processed into 
molded articles by extrusion molding, injection molding, blow molding, or compression molding. Injection 
molding may be carried out at an injection temperature of 250-350* C. preferably 280-330 "C, and at an 
injection pressure of 100-500 kgf/cm^, preferably 200-300 kgf/cm^. 

The thus obtained filaments and molded articles have polymer molecules which remain highly oriented 
20 as they are oriented at the time of spinning or molding. This is the reason why they exhibit high strength, 
high modulus, and high heat resistance. 

The filaments and molded articles obtained from the aromatic polyester and/or polyester amide of the 
present invention may be further improved in heat resistance and mechanical strength upon heat treatment. 
This is because heat treatment promotes the solid phase polymerization and relaxes the residual stress (or 
25 strain) formed at the time of molding. 

The heat treatment may be carried out in an atmosphere of inert gas (such as nitrogen, carbon dioxide, 
argon, and helium) or in an atmosphere of flowing oxygen (such as. air) or in a vacuum. The heat treatment 
should preferably be carried out in an inert atmosphere or vacuum to protect the polymer from oxidative 
deterioration. 

30 The heat treatment should be carried out at 1 00-350 'C, preferably 200-300° C. At a temperature lower 
than specified above, the heat treatment does not fully produce Its effect. At a temperature higher than 
specified above, the heat treatment causes the fusion bonding of filaments or deforms or melts molded 
articles. Effective heat treatment may be accomplished when the temperature is gradually raised with time. 
The heat treatment should be carried out for several hours to several hundred hours, preferably 3-24 hours, 

35 The duration of heat treatment varies depending on the temperature of heat treatment. The higher the 
temperature of heat treatment, the shorter the duration of heat treatment. 

The aromatic polyester of the present Invention has the following features. 

(1) It is superior in spinnability, moldability and heat resistivity to conventional aromatic polyesters. 

(2) It provides filaments having by far higher terisile modulus and tensile strength than those obtained 
40 from conventional aromatic polyester. It provides also molded (injection molding, extrusion molding) articles 

having superior mechanical strength. 

(3) It is not subject to gelation (crosslinking) at the time of spinning, molding, or synthesis. Therefore, 
it provides filaments and molded articles which retain their mechanical strength and quality almost intact. 

(4) It is highly stable to chemicals. 
45 (5) It is highly stable to wet and heat. 

The aromatic polyester amide of the present invention has the following features in addition to the 
above-mentioned features of the aromatic polyester. 

(1) It is greatly improved in anisotropy. 

(2) It has improved mechanical strength, especially impact strength. 

50 Next, the aromatic polyester filament and the aromatic polyester amide filament in accordance with the 

third and fourth embodiments of the present invention are described. 

These filaments can be spun easily out of the aromatic polyester or the aromatic polyester amide 
according to the first or second embodiment of the present invention, by using a commonly used orifice- 
equipped extruder after making the materia! into a melting state by heating the material at or above a 

55 temperature which is called "flow temperature". For this purpose, a normal spinning nozzle having circular 
holes with their diameters being about 0.05 to 2.0 mm may be used, which is used commonly for the 
spinning of polyethylene terephthalate. In such a case, the number and shape of holes of the spinning 
nozzle are not limited. 
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Spinning of the above-described aronnatic polyester or aromatic polyester annide by mixing the material 
with a small amount of other polymer or a commonly used additive agent is applicable, provided that the 
resulting filament has the same characteristics as those of the filaments of the present invention. 

Fibrous material extruded from an orifice changes into fibers passing through a solidification zone or a 

5 cooling zone. At this stage of the process, the temperature distribution and atmosphere from the orifice to 
the cooling zone may be designed freely by using hot air. cool air, a pipe, a heater, an inert gas and the 
like. If it is necessary, cooling may be achieved by using water instead of a gas. Each of the filaments 
according to the third and fourth embodiments of the present invention has a superior mechanical strength, 
even In a state of cooled filaments after their extrusion from the orifice. If necessary, howeyer. mechanical 

70 Strength of the cooled filaments can be improved further by the additional heating treatment described 
before. The heating treatment also may be performed with or without loading a stress. 

In the following, mention will be made of the inorganic filler-containing aromatic polyester (which is the 
fifth embodiment of the present invention) and the inorganic filler-containing aromatic polyester amide 
(which is the sixth embodiment of the present invention). 

75 The aromatic polyester and aromatic polyester amide used in the fifth and sixth embodiments are 
substantially identical with those used in the first and second embodiments mentioned above. 

The inorganic filler used in the fifth and sixth embodiments are not specifically limited. Examples of the 
inorganic filler include talc, calcium carbonate (ground, light, and colloidal), mica, glass fiber, barium sulfate, 
calcium silicate, clay, magnesium, carbonate, wollastonite, alumina, silica, iron oxide, calcium sulfate, glass 

20 beads, glass powder, white carbon, hollow glass beads, silica sand, silicastone, carbon black, aluminum 
hydroxide, magnesium hydroxide, zinc oxide, white lead, basic magnesium carbonate, asbestos, zeolite, 
molybdenum, titanium oxide, diatomaceous earth, sericite, Sirasu. graphite, calcium hydroxide, calcium 
sulfite, gypsum fiber, carbon fiber, quartz powder, bentonite. metal whisker, and sodium sulfate. They may 
be used alone or in combination with one another. Preferable among them are platy fillers (such as talc and 

25 mica), fibrous fillers (such as glass fiber and gypsum fiber), needle-like fillers (such as wollastonite. quartz 
powder, and glass powder), and colloidal fillers (such as precipitated calcium carbonate having an average 
particle diameter smaller than 1 .0 um). They provide the composition with balanced heat resistance and 
mechanical strength. 

The inorganic fillers used in the present invention may undergo surface treatment, if necessary. 
30 Examples of the surface treating agent include silane coupling agents, titanate coupling agents, borane 
coupling agents, higher fatty acids, and surface active agents. 

The surface treating agent may be applied to an inorganic filler prior to mixing with the resin, or added 
to the mixing equipment when an inorganic filler is incorporated into the resin. 

The inorganic filler-containing aromatic polyester composition according to the fifth embodiment of the 
35 present invention is composed of 100 parts by weight of the aromatic polyester resin in the first 
embodiment and 1-400 parts by weight, preferably 10-250 parts by weight, of the above-mentioned 
inorganic filler. 

The Inorganic filler-containing aromatic polyester amide composition according to the sixth embodiment 
of the present invention is composed of 100 parts by weight of the aromatic polyester amide resin in the 
40 second embodiment and 1-400 parts by weight, preferably 10-250 parts by weight, of the above-mentioned 
inorganic filler. 

In both of the above-mentioned compositions, the arnount of inorganic filler should be less than 400 
parts by weight; otherwise, the resulting composition has great difficulties in injection molding and is liable 
to give molded articles having flow marks, poor appearance, and low mechanical strength. 
45 The compositions of the present invention may be incorporated with other resins, antioxidant, coloration 
inhibitor, stabilizer. UV light absorber, plasticizer, lubricant (such as molybdenum disulfide, silicone oil. 
fluoroplastics, and graphite), and flame retardant (such as tetrabromobisphenol A and antimony trioxide). 

The compositions of the present invention may be produced by blending the resin with an inorganic 
filler using an ordinary mixing machine such as single-screw extruder, twin-screw extruder. Banbury mixer, 
50 mixing roll. Brabender. and kneader. 

They can also be produced by adding an inorganic filler to the resin component in molten state in the 
reactor, or by melt-mixing the resin component and inorganic filler in a molding machine. 

The inorganic filler-containing aromatic polyester and aromatic polyester amide of the present invention 
are superior in heat resistance, tensile strength, surface scratch resistance, and reduced anisotropy. These 
55 properties lead to the secondary features such as good arc resistance, good solder resistance, and low 
molding shrinkage. These characteristic properties make the compositions suitable for use as precision 
injection moldings for electric and electronic parts and machine parts, and for use as oven plates. 

In the following, mention will be made of the magnetic powder-containing compositions pertaining to the 

15 



BNSDOCtO: <EP 0376323A2_L> 



EP 0 376 323 A2 



seventh and eighth enr)bodlments of the present invention. 

The aromatic polyester and aromatic polyester amide used in the seventh and eighth embodiments are 
substantially identical with those used in the first and second embodiments mentioned above. 

The magnetic powder used in the present invention is not specifically limited. Preferred examples of the 
5 magnetic powder include ferrite magnetic powder represented by MOFesOa (where M denotes Ba. Sr. Ca. 
Mg, Mn, Fe, Cu. Ni, Co. Zn, and/or Pb), and rare earth magnetic powder represented by RCos (where R 
denotes Sm. Pr. Ce. and/or La). Sm2Xi7 (where X denotes Co. Fe, Cu. 2r. Ti. and/or Hf). or Nd-Fe-B. They 
may be used alone or in combination with one another. 

The magnetic powder used in the present invention is not specifically limited in particle diameter. 
10 However, it should preferably have a particle diameter in the range of 0.1 to 100 um, more desirably 1 to 
50 um. With a particle diameter smaller than 0.1 um, the magnetic powder is liable to agglomeration, which 
prevents the uniform dispersion of the powder in the composition. With a particle diameter larger than 100 
am, the magnetic powder impairs the surface smoothness (appearance) of the molded article and makes 
molding extremely difficult. 

IS The magnetic powder should be used in an amount of 100-1900 parts by weight, preferably 400-1150 

parts by weight, for 100 parts by weight of the binder resin. With an amount less than 100 parts by weight, 

the resulting molded article Is poor in magnetic properties and does not function as a magnet. With an 

amount in excess of 1900 parts by weight, the resulting composition is poor in flowability and hence 

moldability and provides molded articles having low mechanical strength. 
20 The magnetic powder used in the present invention may undergo surface treatment, if necessary. 

Examples of the surface treating agent include silane coupling agents, titanate coupling agents, borane 

coupling agents, higher fatty acids. 

The surface treating agent may be applied to a magnetic powder prior to mixing with the resin, or 

added to the mixing equipment when a magnetic powder is incorporated into the resin. 
25 The mixing of the resin and magnetic powder may be accomplished by using such mixing machine as 

single-screw extruder, twin-screw extruder, kneader, Banbury mixer, two-roll mill, and Brabender, 

The mixing of the resin and magnetic powder may also be accomplished by adding a magnetic powder 

to the resin in molten state in the reactor, or by melt-mixing the resin and magnetic powder in a molding 

machine. 

30 The compositions of the present invention may be incorporated with other resins, antioxidant, coloration 
inhibitoi^, stabilizer. UV light absorber, plasticizer, lubricant (such as molybdenum disulfide, silicone oil. 
fluoroplastics. and graphite), and flame retardant (such as tetrabromobisphenol A and antimony trioxide). 

35 EXAMPLES 



The invention will be described in nnore detail with reference to the following examples. 
The test methods used in the examples are explained first. 

40 

(1 ) Preparation of filaments 

After drying at 120*0 for 5 hours, a sample polymer was charged into a nitrogen-pressed spinning 
45 apparatus equipped with a capillary nozzle 3 mm long and 0.3 mm in diameter. Spinning was carried out at 
varied temperatures under a nitrogen pressure of 3 kgf/cm^ and at a take-up speed of 150 m/min. 

(2) Preparation of injection molded articles 

50 

After crushing and drying (at 120* C for 5 hours), a sample polymer was made into test specimens for 
measuring physical properties by injection molding using an injection molding machine (Model SAV-60-52, 
made by Sanjo Seiki Manufacturing Co., Ltd.) at a mold temperature of 120* C. an injection pressure of 250 
kg/cm^. and a cylinder temperature high enough to cause the resin to fill the mold cavity completely. Test 
55 specimens containing an Inorganic filler or magnetic powder were prepared by injection molding in the 
same manner as above from pellets formed by melt-mixing the resin with a prescribed amount of inorganic 
filler or magnetic powder using a 20-mm single screw extruder (made by Thermoplastic Kogyo Co., Ltd.). 
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(3) Injection nnolding temperature 

• The injection molding temperature is a cylinder temperature at which a test specimeri (measuring 1/2 x 
5 X 1/8 inch) was prepared under the above-mentioned injection molding conditions. The lower the injection 
molding temperature, the better the nnoldability of sample polymer. 



10 



75 



(4) Melting temperature 

The melting temperature is defined as a temperature at which a sample polymer has a ^^scos^ty d 
10000 poise when extruded through a nozzle (0.5 mm in diameter and 1.0 mm long) under a ioad d 10 kgf 
using a flow tester (made by Shimadzu Corp.). The lower the melting temperature, the better the 
spinnability and moldabillly of a sample polymer. 

(5) Vicat softening point 

Measured according to JIS K7206. 

(6) Tensile strength and tensile modulus of filaments 

Measured according to ASTM D3822, 

?5 

(7) Izod impact strength, 

-Measured according to ASTM D256 on a notched rod-like specimen (1/2 x 5 x 1/8 inch) formed by 
injection molding. 

30 

(8) Wet-heat stability 

The wel-heat stability is expressed in terms of comparison between the initial Izod impact str^nQ^j;; 
35 Injection molded specimen (1/2 x 5 x 1/4 inch) and the impact strength of the same specimen measured 
after immersion in hot water (96* C) for 600 hours. 



(9) Flexural strength 



40 



Measured according to ASTM D790 on a molded rod-like specimen (1/2 x 5 x 1/8 inch). (This test piece 
. wasTeplaced by the one measuring 1/2 x 5 x 1/4 inch for a sample polymer containing a magnetic powder.) 

45 (10) Anisotropy (MD/TD) 

Each sample polymer was molded into a flat plate measuring 120 x 120 x 2 mrn Test pieces (14 mrn 
wide) were cut out this flat plate, one in the MD direction (parallel to the resm flow d.rect.on) and the 
o he in the TD dLtion (perpendicular to the resin flow direction). The test pieces were tested for «exural 
,o ^lenQm Anisotropy was judged from comparison between the flexural strength nr^easured m the MD 
" dS^n and rSexurS strength measured in the TD direction. The greater the MD/TD rafo. the greater 
the anisotropy of a sample polymer. 

Modulus of the samples was measurd according to ASTM D790. 

55 

(11) Heat distortion temperature 

Measured according to ASTM D648 (18.6 kgf/cm^) on a molded rod-like specimen (1/2 x 5 x 1/8 inch). 
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(12) Surface scratch resistance 

Surface scratch resistance was measured with a pencil scratch tester conforming to JIS K5401. with the 
pencil replaced by a 100-yen coin. (This modification was made to obtain data for practical use.) A test 
specimen in plate form (measuring 120 x 120 x 2 mm) was scratched five times back and forth in the resin 
flow direction with the 100-yen coin under a load of 1000 g. The specimen was visually examined for 
scratches and the surface scratch resistance of the specimen was rated according to the following criterion. 
Good ... no scratches are noticed 
Poor ... scratches are noticed 

(13) Magnetic properties 

Magnetic properties were evaluated by measuring the residual magnetic flux density (B^). coercive force 
(He), and maximum energy product (BH)^ax on a test piece measuring 1 inch in diameter and 1/2 inch thick. 
' using a BH loop tracer made by Yokogawa Electric Corp. 

Example 1 

In a 5-liter separable flask equipped with a sealed stirrer, gas inlet tube, and condenser were placed 
1080 g (6 mol) of p-acetoxybenzoic acid. 366 g (1.5 mol) of 2.6-diacetoxynaphthalene. 135 g (0.5 mol) of 
4.4'diacetoxybiphenyl, 282 g (1,7 mol) of isophthalic acid. 50 g (0,3 mol) of terephthalic acid, and 0.5 g of 
sodium acetate (as a catalyst). . ^ . 

The atmosphere in the flask was replaced with argon by repeating twice evacuation and the introduction 
of dry argon. The reactants were heated to 250 'C with stirring under a weak argon stream, so that the 
reactants melted with the liberation of acetic acid. The reactants were kept at 250* C for about 2 hours and 
then heated to 280' C. Reaction was carried out at 280 'C for about 1 hour, with 490 ml of acetic acid 

collected. ^ , 

The content in the flask was heated to 320 " C and kept at this temperature for 15 minutes. The content 
was further heated to 350 'C and kept at this temperature for 15 minutes. The amount of acetic acid 
collected up to this time was 550 ml. ' 

The flask was evacuated and polymerization was continued at 350 C for about 5 minutes at 90 mmHg, 
for about 5 minutes at 30 mmHg. for about 10 minutes at 3 mmHg. and finally for about 15 minutes at 0.3 
mmHg- There was obtained a viscous opaque yellowish white product. The product was cooled under an 
argon stream and then discharged. Thus there was obtained an aromatic polyester. 

A specimen of this aromatic polyester was examined for optical anisotropy under a polarizing 
microscope. The specimen was found to have good optical anisotropy. 

This aromatic polyester was tested for melting temperature using a flow tester equipped with a nozzle 
40 (0 5 mm in diameter and 1.0 mm long) and operated under a load of 10 kgf. 

It was found to have a melting temperature of 280* C at a viscosity of 10000 poise. This aromatic 
polyester was molded into a test piece, which was tested for VIcat softening point. It was found to have a 
Vicat softening point of 236* C. 

This aromatic polyester was subjected to melt spinning using a nitrogen-pressed spinning apparatus 
45 equipped with a single capillary nozzle (spinneret) 3.0 mm long and 0.3 mm in diameter. The resulting 
filaments were found to have a tensile strength of 1 1 .6 g/d and a tensile modulus of 77.9 GPa, 

The filaments were tested again for mechanical strength after heat treatment under nitrogen at 100 C 
for 3 hours, at 260* C for 6 hours, and at 280* C for 3 hours. The heat-treated filaments were found to have 
a tensile strength of 18.0 g/d and a tensile modulus of 95.6 GPa. 
50 This aromatic polyester was injection-molded into a test piece, which was tested for Izod impact 
strength and wet-heat stability. It was found to have an impact strength of 42.3 kg.cm/cm and a wet-heat 
stability of 82%. 

55 Examples 2 to 15 and Comparative Examples 1^ to 8 and 10 to 13 

The same procedure as in Example 1 was repeated to prepare aromatic polyesters of different 
compositions as shown In Tables 1 and 2. The polymers and the filaments and injection-molded test pieces 
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prepared therefrom were tested for physical properties. The results are shown in Tables 1 and 2. 

These aromatic polyesters all exhibited optical anisotropy at a temperature higher than the flow 
temperature as shown in Rgs. 1 to 8. 

5 

Comparative Example 9 

The same procedure as in Example 1 was repeated except that the flask was charged with 1440 g (8 
mol) of p-acetoxybenzoic acid, 183 g (075 mol) of 2,6-diacetoxynaphthalene. 68 g (0.25 mol) of 4,4'- 
10 diacetoxybiphenyl, 141 g (0.85 mol) of isophthaiic acid, and 25 g (0.15 mol) of terephthalic acid, and that 
the final reaction temperature was changed to 380* C. The resulting polymer was too brittle to be spun. This 
polymer has a composition represented by the following formula. 
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Example 16 

In a 5-Hter separable fiask equipped with a sealed stirrer, gas inlet tube, and condenser were placed 
1044 g (5.8 mol) of p-acetoxybenzoic acid, 366 g (1.5 mol) of 2,6-diacetoxynaphthalene. 135 g (0-5 mol) of 
4.4'-d!acetoxybiphenyl. 282 g (1.7 mol) of isophthaiic acid, 50 g (0.3 mol) of terephthalic acid, 32.6 9 (0.2 
mol) of p-acetaminobenzoic acid, and 0.1 g of sodium acetate (as a catalyst). 

Reaction was carried out in the same manner as in Example 1. Thus there was obtained an aromatic 
polyester amide. 

A specimen of this aronrtatic polyester amide was examined with heating for optical anisotropy under a 
polarizing microscope. The specimen was found to have good optical anisotropy. It was also tested for 
physical properties in the same manner as mentioned above. The results are shown in Table 3. 

Examples 17 and 18 and Comparative Examples 14 to 18 

The same procedure as in Example 16 was repeated to prepare aromatic polyester amides of different 
compositions as shown in Table 3. The polymers were tested for physical properties in the same manner as 
mentioned above. The results are shown in Table 3. 

Example 19 

In a 5-liter separable flask equipped with a sealed stirrer, gas inlet tube, and condenser were placed 
1071 g (5.95 mol) of p-acetoxybenzoic acid, 366 g (1.5 mol) of 2.6-diacetoxy naphthalene, 135 g (0.5 mol) of 
4,4'-diacetoxybiphenyl. 282 g (1.7 mol) of isophthaiic acid. 50 g (0.3 mol) of terephthalic acid, 8.2 g (0.05 
mol) of p- acetaminobenzoic acid, and 0.1 g of sodium acetate (as a catalyst). 

Reaction was carried out in the same manner as in Example 1 . Thus there was obtained an aromatic 
polyester amide. 

A specimen of this aromatic polyester amide was examined with heating for optical anisotropy under a 
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Dolarizinq microscope. The specimen was found to have good optical anisotropy. It was also tested for 
rhysicai properties It was found to have a melting temperature of 307* C and aj.cat soften^g po.nt of 
233 -C It was injection-molded into a test piece, which was found to have an Izod impact strength of 36.5 
kq cm/cm. a flexural strength of 14.8 kg/mm^. and a ratio of 2.2 indicating the anisotropy (MD/TD) of f exura 
strength. These data suggest the superiority of the aromatic polyester amide over the aromatic polyester 
without amide group obtained in Example 1 . 

Examples 20 to 28 an^ Comparative Examples 19 to 22 

• The same procedure as in Example 19 was repeated to prepare aromatic polyester amides of different 
compositions as shown in Table 4. The polymers were tested for physical properties in the same manner as 
mentioned above. The results are shown in Table 4 and Figs. 9 to 12. 
Rsmsrks* 

The following Examples 29 to 49 and Comparative Examples 23 to 29 are concerned with the inorganic 
filler-containing aromatic polyester compositions and inorganic filler-containing aromatic polyester amide 
compositions pertaining to the fifth and sixth embodiments of the present invention. 

20 Example 29 

The aromatic polyester (700 g) obtained in Example 1 was incorporated with 300 g of 9'«^s fiber 11 
urn in average diameter and 3 mm long (FE-S-03-1208 PE. made by Fuj. Fiberglass Co.. L^d.) and the 
mixture was pelletized. The pellets were tested for injection molding temperature and were a'^o '"jctio"- 
25 molded into test pieces, which were tested for anisotropism. heat distortion temperature, and surface 
scratch resistance. The results are shown in Table 5. 
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Examples 30 to 41^ 

< Inorganic filler-containing aromatic polyester compositions were prepared from various kinds of resins 
shown in Table 8 by mixing with glass fiber in the mixing ration shown in Table 5. The resulting 
composiSons were teLd for physical properties in the same manner as mentioned above. The results are 
shown in Table 5. 

Comparative Examples 23 to 29 

inorganic filler-containing aromatic polyester compositions were prepared from ^^.f^'"; 
shown in Table 8 by mixing with similar glass fiber used in Example 29 in the mixing ratio showing m Table 
5 The resulting compositions were tested for physical properties in the same manner as mentioned above. 
The results are shown in Table 5. 



45 Example 42 

An inorganic filler-containing aromatic polyester composition was prepared as follows^ Jl]^ ^'°Ttv 
polyester (700 g) obtained in Example 1 was incorporated with 300 g of wollastonite (Uf^'SN^J^^f^^^^y 
Hayashi Kasei Co.. Ltd.). The resulting composition was tested for physical properties in the same manner 
so as mentioned above. The results are shown in Table 6. 

Examples 43 to 49 

56 inorganic filler-containing aromatic polyester compositions were prepared from various kinds of resins 
showi n Table 8 by mixing with wollastonite or talc (talcum powder PKP. made by Hayash, Kase. Co.. LtdO 
fn t^T mixing ratio shown I Table 6. The resulting compositions were tested for physical properties in the 
same manner as mentioned above. The results are shown m Table 6. 

20 
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"^"^Thf fniinwino Examoles 50 to 61 and Comparative Examples 30 to 33 are concerned with the magnetic 
oowS^oS rm^fc poyester compositions and magnetic powder-containing aromatic polyester 
Z^co^l^SoZn^n^-i to' the seventh and eighth embodiments of the present mvenfon. 

5 

Example 5 0 

The aromatic polyester (200 g) obtained in Example 1 was incorporated with Ba-ferrite (TR-M made by 
The aromatic pelletized by extrusion. The pellets were tested for injection 

" ^oCXe-ture^^^^^^^^^ ro"in%ction'mo.ded into test pieces, which were tested for magnetic 
proves flexural strength, and heat distortion temperature. The results are shown in Table 7. 

75 Examples 51^ to 6^ and Comparative Examples 30 to 33 
20 shown in Table 7. 

Comparative Example 11 (which is J^^f .^^^^ ... ^nown polyester shown in Comparative 

tensile modulus of filaments, sp.nnabil.ty. j^'^f "^'''^y- ^JT/^^^ is considerably poor in 

°' ^./^ElrpE'e comp^^^^^^^ !n spinnabl^ heat resistance, and mechanical strength to the 
am.des .n Examples are ^^'^P^'^^" Moreover, they produce the effect of relaxing anisotropy 

aromatic polyesters of the P '"^J"^^^^^^^^ amides in Comparative Examples all lack these characteris- 
sufficiently. By contrast the ^^^"'^^^ f^'^^^ ^rshortha^^ with the conventional polyester 

tic properties. ^^^^^^^^^^^^^^^^ by introducing an amide linkage into the 

amides ^^J X^d^rTaotese pS Laid open No.84821/1983) and the one in Comparative Example 
^(rhr^Vb^^^^^^^^^^^ an amld^ ^-^^1^^";^^^^^ 

::s:r^xu-^^^^^^^^^ 

open No.62630/1984) is poor in the e^^^^^^^ l^'a^lc'flSSrning aromatic polyesters and inorganic fillar- 

cal strength, and surface ^^i;^;;*^^^^^ Especially, the one in Comparative Example 

Comparative Examples all lack these character^^^^^^^ disclosed in Japanese Patent Laid-open 

23 (formed by adding an inorganic filer to P^J^f J'J^^^^^^ ^^e one in Comparative 

, NO.84821/1983) is poor in heat /"JJ^f/J^,^^^,^^^^^^^^^ Patent Laid-open 

Example 24 (formed by adding an '"^^^^''^^^.J^ Example 25 (formed 
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in moldability and the effect of relaxing anisotropy. 

^Lny mentL will be made of the magnetic oowder-containing aromatic polyesters and magne^c 
p.-,wde '"omening aromatic polyester amides pertaining to the seventh and eighth embodiments of the 
o;esent invent," AS Tables 5 and 7 apparently show, the magnetic powder-containing aromatic polyesters 
and IgneTpowder-containing aromatic polyester amides in Examples are superior .n mechanical 
strenoT moldability. and heat resistance. By contrast, the magnetic powder-contaming composi .ons m 
SLi^e Samples all lack these characteristic properties. The one in ^-P-to'en NTSl^^^^^^^^^^^^^^ 
by adding a magnetic powder to the polyester disclosed in Japanese Patent laid-open No.84821/1983) is 
Door in heat resistance and mechanical strength: the one in Comparative Example 31 (formed by adding a 
, magnetic POwdTr to the polyester disclosed in Japanese Patent Laid-open No.5094/1979) is poor in 
meScarstrength and moldability: the one in Comparative Example 32 (formed by -aiding a magnetic 
powder to he pofyester disclosed in Japanese Patent laid-open No.62630/1984) is poor in moldability; and 
fhTone in CoJiparative Example 33 (formed by adding a magnetic powder to nylon) is poor in mechanical 

. '^"X'Trra?c"p^eS" of the present invention is capable of spinning and melt molding at a 
temperature below 340- C and provides molded articles having good heat resistance and mechanical 
strength and also provides filaments haying a high tensile modulus. , k „k 

The aromatic polyester of the present invention can be made by melt spinning into filaments which can 
be used as such or after heat treatment, for plastics reinforcement, concrete reinforcement, rubber 
n reinforcement high-strength rope, and bulletproof jacket. ^ , 

T^e Trol«c polyesfer of the present invention is capable of ordinary melt molding such as injection 
rr^old^g exfrus on molding, compression molding, and blow molding. The molded articles find use as 
connectors JC sockets, sealant (for IC and transistor), film, covering material and reinforcement (for optical 

. "''VS'SomalicTo^^^^^^^ amide of the present invenBon" has a lower degree of anisotropy in mechanical 
strength in addUion to the same characteristic properties as those of the above-mentioned aroma^c 
pSester. It provides filaments and molded articles which will find use in the same application areas as 

'"'"ISeovefthe present invention provides an inorganic filler-containing aromatic polyester composition 
30 and anTno^ganic Slier-containing aromatic polyester amide composition, both ^-"9 ^^J^^^^^ 
resistance mechanical strength, moldability. and surface scratch resistance, and d.rectonally balanced 
r^SanSl pmperties owing to the reduced anisotropy. The present invention also provides a magnetic 
ZriJntS polyester composition and a magnetic powder-containing polyester amide composrtion 
b^h hLvirgTg^^^^^ strength, high heat resistance, and good moldability. These compositons will 

35 find use in a variety of application areas. 
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Claims 

5 

1 . An aromatic polyester composed of the following units 
( I ) 



( II ) 



( ni ) 



( IV ) 



( V ) _C_Ar_C_ 
I I 

o o 

(where Ar denotes a p-phenylene group and/or 2.6-naphthalene group.) 

characterized by that units (I) to (V) each has the aromatic ring or rings hydrogen atoms on which may be 
partly substituted by- one or more members selected from C1-C4 alkyi groups, C1-C4 alkoxy groups. Ce-Cio 
aryl groups, and halogen atoms; in the total number of moles of units (I) to (V). the amount of unit (I) 
accounts for 40-70 mol%, the amount of units (II) and (III) accounts for 15-30 mol%. the amount of units (IV) 
and (V) accounts for 15-30 mol%, the amount of unit (IV) accounts for 5-25 moI%, and the amount of 2.6- 
naphthalene group in unit (V) accounts for up to 5 mol%; the molar ratio of [unit (II) + unit (III)] to [unit (IV) 
+ unit (V)] is 1:0.9 to 1:1.1; the molar ratio of unit (III) to [unit (II) + unit (III)] is from 0.15 to 0.85; and the 
molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 to 0.90. 
2. An aromatic polyester amide composed of the following units 
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( I ) — o 



( n ) _o 



c, 
I 

o 



70 



( m ) _o. 



75 



( FT ) _ 



iXri 



20 



( V ) _ 



C_A r_C, 
I I 

o o 



25 



30 



35 



40 



45 



SO 



( VI ) - N H - R - z - 

(where Ar denotes a p-phenylene group and/or 2.6-naphthalene group; R denotes a p-phenylene group 
and/or m-phenylene group; and Z denotes -NH-, tO-, and/or -C -.) 

O 

characterized by that units (I) to (VI) each has the aromatic ring or rings hydrogen atoms on which may be 
partly substituted by one or more members selected from Ci-Ca aikyl groups, Ci-C^ alkoxy groups, Ce-Cio 
aryl groups, and halogen atoms; in the total nunnber ot nnoles of units (I) to (VI), the amount of unit (I) 
accounts for 40-70 moI%', the' amount of units (11) and (III) accounts for 15-30 mol%» and the anaount of units 
(IV) and (V) accounts for 15-30 mol%. the amount of unit (IV) accounts for 5-25 mol%, and the amount of 
2,6-naphthalene group in unit (V) accounts for up to 5 mol% and the amount of unit (VI) accounts for 0.1-10 
mol%; 

when 2 is -NH- and/or -0-. the molar ratio of [unit (II) + unit (III) + unit (VI)] to [unit (IV) + unit (V)] is 1:0.9 
to 1:1.1; the molar ratio of unit (III) to [unit (11) + unit (III) + unit (VI)] is from 0.15 to 0:85; and the molar 
ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 to 0.90; and 
when Z is - C -, 

O 

the molar ratio of [unit (II) + unit (III)] to [unit (IV) + unit (V)] is 1:0.9 to 1:1.1; the molar ratio of unit (III) to 
[unit (II) + unit (III)] is from 0.15 to 0.85; and the molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 
to 0.90. 

3. An aromatic polyester filament comprising an aromatic polyester composed of the following units 
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( I ) — o 



( n ) _0 



c. 
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o 



70 



( m ) _o. 



75 



20 



(IV) _c 



tri- 



( V ) _ 



I I 

o o 



25 



30 



35 



(where Ar denotes a p-phenylene group and/or 2,6-naphthalene group.) 

characterized by that units (I) to (V) each has the aromatic ring or rings hydrogen atonns on which nnay be 
partly substituted by one or more members selected from Ci-C* alkyi groups, CtCa alkoxy groups, Cs-Cip 
aryl groups, and halogen atoms; in the total number of moles of units (I) to (V), the amount of unit (I) 
accounts for 40-70 mol%. the amount of units (II) and (HI) accounts for 15-30 mol%, the amount of units (iV) 
and (V) accounts for 15-30 mol%. the amount of unit (IV) accounts for 5-25 mol%. and the amount of 2,6- 
naphthalene group in unit (V) accounts for up to 5 moi%: the molar ratio of [unit (II) + unit (III)] to [unit (IV) 
+ unit"(V)] is 1:0.9 to 1:1.1: the molar ratio of unit (111) to [unit (II) + unit (III)] is from 0.15 to 0.85; and the 
molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 to 0.90. 

4. An aromatic polyester amide filament comprising an aromatic polyester amide composed of the 
following units 



40 
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( V ) «.C_Ar_C_ 
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(71) - NH-R-Z- 
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10 



15 



20 



(where Ar denotes a p-phenylene group and/or 2.6-naphthaiene group: R denotes a p-phenylene group 
and/or m-phenylene group; and Z denotes -NH-, and/or - c 

O 

characterized by that units (I) to (Vl) each has the aromatic ring or rings hydrogen atoms on which may be 
partly substituted by one or more members selected from C1-C4 alky! groups. C1-C4 alkoxy groups. Cc-Cio 
aryl groups, and halogen atoms; in the total number of moles of units (I) to (VI), the amount of unit (I) 
accounts for 40-70 mol%. the amount of units (H) and (III) accounts for 15-30 mol%. the amount ot units (IV) 
and (V) accounts for 15-30 mol%, the amount of unit (IV) accounts for 5-25 mol%, and the amount of 2,6- 
naphthalene group in unit (V) accounts for up to 5 mol% and the amount of unit (VI) accounts for 0.1-10 
mol%; when Z is -NH- and/or -0-, the molar ratio of [unit (II) + unit (III) + unit (Vl)] to [unit (IV) + unit (V)] 
is 1:0.9 to 1:1.1: the molar ratio of unit (III) to [unit (11) + unit (III) + unit (VI)] Is from 0.15 to 0.85; and the 
molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 to 0.90; and when'z is -C 

O _ 

the molar ratio of {unit (II) + unit (III)] to {unit (IV) + unit (V)] is 1:0.9 to 1:1.1; the molar ratio of unit (ill) to 
[unit (II) + unit (III)] is from 0.15 to 0.85: and the molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 
to 0.90. 

5. An inorganic filler-containing aromatic polyester composition, with the amount of inorganic filler being 
1-400 parts by weight for 100 parts by weight of aromatic polyester, said aromatic polyester being 
composed of the following units 



( I ) 



'-Of- 



25 



( 11 ) __0 



30 



( m ) 



35 



( IV ) — c 

o 



c. 

I 

o 



40 



( V ) _ 



C__A r_C. 



(where Ar denotes a p-phenylene group and/or 2,6-naphthalene group.) 

characterized by that units (I) to (V) each has the aromatic ring or rings hydrogen atoms on which may be 
partly substituted by one or more members selected from Ci-C* alkyl groups, C1-C4 alkoxy groups. Cs-Cio 
aryl groups, and halogen atoms; in the total number of moles of units (I) to (V). the amount of unit (I) 
accounts for 40-70 mol%, the amount of units (II) and (III) accounts for 15-30 mol%, and the amount of units 
(IV) and (V) accounts for 15-30 mol%, the amount of unit (IV) accounts for 5-25 mol%, and the amount of 
2.B-naphthalene group in unit (V) accounts for up to 5 mo!%; the molar ratio of [unit (II) +unit (III)] to [unit 
(IV) + unit (V)] is 1:0.9 to 1:1.1; the molar ratio of unit (III) to [unit (II) + unit (III)] is from 0.15 to 0.85; and 
the molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 to 0.90. 

6. An inorganic filler-containing aromatic polyester amide composition, with the amount of inorganic filler 
being 1-400 parts by weight for 100 parts by weight of aromatic polyester amide, said aromatic polyester 
amide being composed of the following units 

55 
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( I ) -0 



( n ) _o 



1 

o 



70 



75 



cm) _o 



( Tf ) 




20 



( V ) _C_A C_ 

o o 

{ YI ) - N H - R - 2 - 



25 



30 



35 



40 



(where Ar denotes a p-phenylene group and/or 2.6 naphthalene group; R denotes a p-phenylene group 
and/or m-phenylene group; and 2 denotes -NH-. -0-, and/or - c - ) 

O 

characterized by that units (I) to (VI) each has the aromatic ring or rings hydrogen atoms on which may be 

partly substituted by one or more members selected from C1-C4 alkyi groups. Ci-C* alkoxy groups, C5-C10 

aryl groups, and halogen atoms; in the total number of moles of units (I) to (VI), the amount of unit (I) 

accounts for 40-70 mol%, the amount of units (11) and (III) accounts for 15-30 moI%, the amount of units (IV) 

and (V) accounts for 15-30 mol%. the amount of unit (IV) accounts for 5-25 mol%, and the amount of 2.6- 

naphthaiene group in unit (V) accounts for up to 5 mol%; and the amount of unit (VI) accounts for 0.1-10 

mol%; when 2 is -NH- and/or -0-. the molar ratio of [unit (II) + unit (III) + unit (VI)] to [unit (IV) + unit (V)] 

is 1:0.9 to 1:1.1; the molar ratio of unit (111) to [unit (II) + unit (III) + unit (VI)] is from 0.15 to 0.85; and the 

molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 to 0.90; and 

when 2 is - C 
II 
O 

the molar ratio of [unit (II) + unit (III)] to [unit (IV) + unit (V)] is 1:0.9 to 1:1.1; the molar ratio of unit (111) to 
[unit (II) + unit (III)] is from 0.15 to 0.85; and the molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 
to 0.90. 

7. A magnetic powder-containing aromatic polyester composition, with the amount of magnetic powder 
being 100-1900 parts by weight for 100 parts by weight of aromatic polyester, said aromatic polyester being 
composed of the following units 
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(where Ar denotes a />phenylene group and/or 2,6-naphthalene group.) 

characterized by that units (I) to (V) each has the aromatic ring or rings hydrogen atoms on which may be 
partly substituted by one or more members selected from Ci-C4 alkyi groups, Ci-Ca alkoxy groups, Cb-Cio 
aryl groups, and halogen atoms; in the total number of moles of units (I) to (V). the amount of unit (I) 
accounts for 40-70 mol%, the amount of units (II) and (III) accounts for 15-30 mol%, the amount of units (IV) 
and (V) accounts for 15-30 mol%. the amount of unit (IV) accounts for 5-25 mol%, and the amount of 2,6- 
naphthalene group in unit (V) accounts for up to 5 mol%; the molar ratio of [unit (II) + unit (III)]. to [unit (IV) 
+ unit (V)] is 1:0.9 to 1:1.1; the molar ratio of unit (III) to [unit (II) + unit (III)] Is from 0.15 to 0.85; and the 
'molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0,10 to 0.90. 

8. A magnetic powder-containing aromatic polyester amide composition, with the amount of magnetic 
powder being 100-1900 parts by weight for 100 parts by weight of aromatic polyester amide, said aromatic 
polyester amide being composed of the following units 
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(where Ar denotes a p-phenylene group and/or 2.6-naphthalene group; R denotes a p-phenylene group 
and/or /7?-phenyIene group; and Z denotes -NH-, -0-, and/or * C '•) ^ 

characterized by that units (I) to (VI) each has the aromatic rmg or rings hydrogen atoms on which may be 

partly substituted by one or more members selected from Ci-C* alkyi groups. C1-C4 alkoxy groups, Cg-Cio 

aryl groups, and halogen atoms; in the total number of moles of units (I) to (VI), the amount of unit (1) 

accounts for 40-70 mol%, the amount of units (II) and (III) accounts for 15-30 mol%. and the amount of units 

(IV) and (V) accounts for 15-30 mol%. the amount of unit (IV) accounts for 5-25 mo!%, and the amount of 

2,6-naphthalene group in unit (V) accounts for up to 5 mol%; and the amount of unit (VI) accounts for 0.1-10 

mol%; when Z is -NH- and/or -0-. the molar ratio of [unit (11) + unit (III) + unit (VI)) to [unit (IV) + unit (V)] 

is 1:0*9 to 1:1.1; the molar ratio of unit (III) to [unit (II) + unit (III) + unit (VI)] is from 0.15 to 0.85; and the 

molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 to 0.90; and 

when Z is - C 
II 

the molar ratio of [unit (II) + unit (III)] to [unit (IV) + unit (V)] is 1:0.9 to 1:1,1; the molar ratio of unit (III) to 
[unit .<ll) + unit (111)] is from 0.15 to 0.85; and the molar ratio of unit (V) to [unit (IV) + unit (V)] is from 0.10 
to 0.90. 
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